Context. NGC7538 is a complex massive star-forming region. The region is composed of several radio continuum sources, one of which is IRS 1, a high-mass protostar, from which a 0.3 pc molecular bipolar outflow was detected. Several maser species have been detected around IRS 1. The CH 3 OH masers have been suggested to trace a Keplerian-disk, while the H 2 O masers are almost aligned to the outflow. More recent results suggested that the region hosts a torus and potentially a disk, but with a different inclination than the Keplerian-disk that is supposed to be traced by the CH 3 OH masers. Aims. Tracing the magnetic field close to protostars is fundamental for determining the orientation of the disk/torus. Recent studies showed that during the protostellar phase of high-mass star formation the magnetic field is oriented along the outflows and around or on the surfaces of the disk/torus. The observations of polarized maser emissions at milliarcsecond resolution can make a crucial contribution to understanding the orientation of the magnetic field and, consequently, the orientation of the disk/torus in NGC7538-IRS 1. Methods. The NRAO Very Long Baseline Array was used to measure the linear polarization and the Zeeman-splitting of the 22 GHz H 2 O masers toward NGC7538-IRS 1. The European VLBI Network and the MERLIN telescopes were used to measure the linear polarization and the Zeeman-splitting of the 6.7 GHz CH 3 OH masers toward the same region. Results. We detected 17 H 2 O masers and 49 CH 3 OH masers at high angular resolution. We detected linear polarization emission toward two H 2 O masers and toward twenty CH 3 OH masers. The CH 3 OH masers, most of which only show a core structure, seem to trace rotating and potentially infalling gas in the inner part of a torus. Significant Zeeman-splitting was measured in three CH 3 OH masers. No significant (3σ) magnetic field strength was measured using the H 2 O masers. We also propose a new description of the structure of the NGC7538-IRS 1 maser region.
Introduction
NGC7538 is a complex massive star-forming region located in the Perseus arm of our Galaxy at a distance of 2.65 kpc (Moscadelli et al. 2009 ). The region is composed of several clusters of infrared sources (Wynn-Williams et al. 1974 ) and radio continuum sources (Campbell 1984) . The brightest source is NGC7538-IRS 1, whose central star has been suggested to be an O6 star of about 30 M ⊙ with systemic local standard of rest velocity V lsr = −58 km s −1 (Campbell & Thompson 1984; Sandell et al. 2009; Puga et al. 2010 ). Several high-velocity molecular bipolar outflows were detected in NGC7538 and one of these is elongated 0.3 pc from IRS 1 (position angle PA=140
• ) with a velocity of 250 km s −1 and a mass of 82.8 M ⊙ (Kameya et al. 1989; Gaume et al. 1995; Davis et al. 1998; Qiu et al. 2011) . VLA continuum observations by Campbell (1984) indicate that the PA of the outflow decreases away from IRS 1; i.e., 180
• at 0. ′′ 3 (0.004 pc) and 165
• at 2 ′′ (0.03 pc). Kameya et al. (1989) gave three possible interpretations of this rotation: disk precession, interaction of the flow with dense gas, and cou-⋆ Member of the International Max Planck Research School (IMPRS) for Astronomy and Astrophysics at the Universities of Bonn and Cologne. pling of the gas with a large-scale magnetic field around IRS 1. Because Sandell et al. (2009) found that the collimated free-free jet (opening angle 30
• ) is approximately aligned with the outflow and that there is a strong accretion flow toward IRS 1 (accretion rate ∼ 2 × 10 −4 M ⊙ yr −1 ), IRS 1 must be surrounded by an accretion disk. The morphology of the free-free emission, which is optically thick up to 100 GHz (Franco-Hernández & Rodríguez 2004) , suggests that the disk should be almost edgeon and oriented east-west (Scoville et al 2008; Kameya et al 1989; Sandell et al. 2009) . A possible detection of this edgeon disk was made by Minier et al. (1998) , who observed a linear distribution of the brightest CH 3 OH masers with an inclination angle of about 112
• . Pestalozzi et al. (2004) estimated that this disk is a Keplerian disk with an outer radius of ∼750 AU and an inner radius of ∼290 AU by modeling the CH 3 OH maser emissions at 6.7 and 12.2-GHz.
Recent results disagree with the edge-on disk traced by the CH 3 OH masers. The observations of the mid-infrared emission suggest that the radio continuum emission does not come from a free-free jet but that it traces the ionized gas wind from the disk surface that in the new scenario would be perpendicular to the CO-bipolar outflow with a disk inclination angle i = 32
• (De Buizer & Minier 2005) . Klaassen et al. (2009) served two warm gas tracers (SO 2 and OCS) toward NGC7538-IRS 1 with the Submillimeter Array (SMA). Although the region was unresolved, they found a velocity gradient consistent with the CH 3 OH maser velocities and perpendicular to the largescale molecular bipolar outflow. This rotating gas might indicate that there is a torus (with an angular size of about 2 arcsec; i.e., ∼5300 AU at 2.65 kpc) surrounding the smaller accretion disk proposed by De Buizer & Minier (2005) . In addition, Krauss et al. (2006) proposed two possible scenarios for NGC7538-IRS 1 by considering both the linear distribution of the 6.7-GHz CH 3 OH masers detected previously (e.g., Pestalozzi et al. 2004 , De Buizer & Minier 2005 ) and the asymmetry in the near infrared (NIR) images observed by them. In their most likely scenario, called "Scenario B", the CH 3 OH masers trace the edge-on disk as suggested by Pestalozzi et al. (2004) and the asymmetry might be caused by the precession of the jet. In the "Scenario A" the CH 3 OH masers do not trace a disk but an outflow cavity as proposed by De Buizer & Minier (2005) , where the detected asymmetry might simply reflect the innermost walls of this cavity.
Besides the CH 3 OH masers, other maser species were detected around NGC7538-IRS 1: OH, H 2 O, NH 3 , and H 2 CO (e.g., Hutawarakorn & Cohen 2003; Galván-Madrid et al. 2010; Gaume et al. 1991; Hoffman et al. 2003) . The OH masers are located southward and show no obvious disk structure or relation to the outflow direction (Hutawarakorn & Cohen 2003 ). H 2 CO and H 2 O masers are located near the center of the continuum emission, and the H 2 O masers are also almost aligned with (Surcis et al. 2011) . The errors were determined by analyzing the full probability distribution function.
(b) The percentage of circular polarization is given by P V = (V max − V min )/I max . (c) The angle between the magnetic field and the maser propagation direction is determined by using the observed P l and the fitted emerging brightness temperature. The errors were determined by analyzing the full probability distribution function.
the outflow (Galván-Madrid et al. 2010 ). The 6.7 and 12.2-GHz CH 3 OH masers show a cone shape that opens to the north-west (Minier et al. 2000) .
So far, the magnetic field structure in NGC7538-IRS 1 has been studied using submillimeter imaging polarimetry (Momose et al. 2001) and OH maser emission (Hutawarakorn & Cohen 2003) . Although the polarization vectors are locally disturbed, at an angular resolution of 14 arcsec the magnetic field directions agree with the direction of the outflow (Momose et al. 2001) , while at milliarcsecond (mas) resolution the OH maser observations indicate a magnetic field oriented orthogonal to the outflow (Hutawarakorn & Cohen 2003) . Because H 2 O and CH 3 OH masers were detected close to the center of the continuum emission, i.e. to the protostar, it is worthwhile investigating their linear and circular polarization emissions. As shown by Surcis et al. (2009 Surcis et al. ( , 2011 for the massive star-forming region W75N, the polarization observations of the two maser species can depict a reasonable scenario for the magnetic field close to massive protostars. Moreover, the direction and strength of the magnetic field might help to decide the debate about the orientation of the disk.
Here we present Very Long Baseline Array (VLBA) observations of H 2 O masers, Multi-Element Radio Linked Interferometer network (MERLIN) and European VLBI Network (EVN) observations of CH 3 OH masers in full polarization toward NGC7538-IRS 1. In Sect. 3 we show our results obtained by studying the linear and circular polarization of H 2 O and CH 3 OH maser emissions in a similar way as Vlemmings et al. (2006 Vlemmings et al. ( , 2010 and Surcis et al. (2009 Surcis et al. ( , 2011 for Cepheus A and W75N, respectively. In Sect. 4 we discuss our results and attempt to disentangle the complex morphology in NGC7538-IRS 1.
Observations and analysis

22 GHz VLBA data
We observed the star-forming region NGC7538-IRS1 in the 6 16 -5 23 transition of H 2 O (rest frequency: 22.23508 GHz) with the NRAO 1 VLBA on November 21, 2005. The observations were made in full polarization spectral mode using four overlapped baseband filters of 1 MHz to cover a total velocity range of ≈ 50 km s −1 . Two correlations were performed. One with 128 channels to generate all four polarization combinations (RR, LL, RL, LR) with a channel width of 7.8 kHz (0.1 km s −1 ). The other one with high spectral resolution (512 channels; 1.96 kHz=0.027 km s −1 ), which only contains the circular polarization combinations (LL, RR), to be able to detect Zeeman-splitting of the H 2 O maser across the entire velocity range. Including the overheads, the total observation time was 8 h.
The data were edited and calibrated using the Astronomical Image Processing System (AIPS) following the method of Kemball et al. (1995) . The bandpass, the delay, the phase, and the polarization calibration were performed on the calibrator J0359+5057. The fringe-fitting and the self-calibration were performed on the brightest maser feature (W06 in Table 1 ). All calibration steps were initially performed on the dataset with modest spectral resolution after which the solutions, with the exception of the bandpass solutions that were obtained separately, were copied and applied to the high spectral resolution dataset. Stokes I, Q, and U data cubes (4 arcsec × 4 arcsec, rms ≈ 7 mJy beam −1 ) were created using the AIPS task IMAGR (beam-size 1.0 mas × 0.4 mas) from the modest spectral resolution dataset, while the I and V cubes (rms ≈ 8 mJy beam −1 ) where imaged from the high spectral resolution dataset and for the same fields. The Q and U cubes were combined to produce cubes of polarized intensity and polarization angle. Because these observations were obtained between two VLA polarization calibration observations 2 made by the NRAO in 2009, during which the linear polarization angle of J0359+5057 was constant at -86
• .7, we were able to estimate the polarization angles with a systemic error of no more than ∼3
• . We identified the H 2 O maser features using the process described in Surcis et al. (2011) .428, which was estimated as described in Sect. 3. The linear polarization vectors, scaled logarithmically according to polarization fraction P 1 (in Table 1 ), are overplotted. The dashed line (PA=-52
• ) is the result of the best linear fit of the H 2 O masers of group N (features W16 and W17 were not included).The synthesized beam is 1.0 mas × 0.4 mas. locity channel by velocity channel. We identified a maser feature when three or more maser spots coincide spatially (within a box 2 by 2 pixels) and each of them appeared in consecutive velocity channels. In Table 1 only the brightest spot of each series of maser spots that fulfill the criteria described above are reported. The two maser features that show linear polarization emission were fitted using a full radiative transfer method code based on the models for H 2 O masers of Nedoluha & Watson (1992) . They solved the transfer equations for the polarized radiation of 22 GHz H 2 O masers in the presence of a magnetic field which causes a Zeeman-splitting that is much smaller than spectral line breadth. The fit provides the emerging brightness temperature (T b ∆Ω) and the intrinsic thermal linewidth (∆V i ). See Vlemmings et al. (2006) and Surcis et al. (2011) for more details. We modeled the observed linear polarized and total intensity maser spectra by gridding ∆V i from 0.5 to 3.5 km s −1 , in steps of 0.025 km s −1 , by using a least-squares fitting routine. From the fit results we were able to determine the best values of the angle between the maser propagation direction and the magnetic field (θ). By considering the values of T b ∆Ω, ∆V i , and θ we were also able to estimate the saturation state of the H 2 O maser features.
6.7 GHz MERLIN data
To detect the polarization of the CH 3 OH maser emission at 6668.518 MHz (5 1 − 6 0 A + ) we observed NGC7538-IRS1 with six of the MERLIN 3 telescopes in full polarization spectral mode on December 28, 2005. The observation time was ∼ 2 h, including overheads on the calibrators 2300+638, 3C84 and 3C286. We used a 250 kHz bandwidth (∼ 11km s −1 ) with 256 channels (velocity resolution ∼ 0.04 km s −1 ) centered on the source ve-3 MERLIN is operated by the University of Manchester as a National Facility of the Science and Technology Facilities Council locity V lsr = −56.1 km s −1 . For calibration purposes, the continuum calibrators were observed with the 16 MHz wide-band mode. Both 3C84 and 3C286 were also observed in the narrowband spectral line configuration and were used to determine the flux and bandpass calibration solutions. The data were edited and calibrated using AIPS. The calibrator 3C84 was used to determine the phase offset between the wide-and narrow-band setup. Instrumental feed polarization was determined using the unpolarized calibrator 3C84, and the polarization angle was calibrated using 3C286. Using one of the strongest isolated maser features, we were able to self-calibrate the data in right-and leftcircular polarization separately. After calibration, the antenna contributions were reweighed according to their sensitivity at 5 GHz and their individual efficiency. Stokes I, Q, U data cubes (5.12 arcsec × 5.12 arcsec, rms ≈ 10 mJy beam −1 ) were created (beam-size 47 mas × 34 mas).
The CH 3 OH maser features were also identified through the identification process mentioned above (Surcis et al. 2011) . If the program finds a group of maser spots that are not exactly spatially coincident but show a continuum linear distribution with a clear velocity gradient, we report in the corresponding table only the brightest maser spot of the group (e.g. maser feature M06). We were unable to identify weak CH 3 OH maser features (< 1 Jy beam −1 ) close to the brightest ones because of the dynamic range limits. To determine T b ∆Ω, ∆V i , and θ, we adapted the code used for 22 GHz H 2 O masers to model the 6.7 GHz CH 3 OH masers, which has successfully been used by Vlemmings et al. (2010) for the CH 3 OH masers in Cepheus A. We modeled the observed linear polarized and total intensity CH 3 OH maser feature spectra by gridding ∆V i from 0.5 to 2.6 km s −1 , in steps of 0.05 km s −1 , by using a least-squares fitting routine. The best-fitting results obtained by using a model based on the radiative transfer theory of CH 3 OH masers for Γ + Γ ν = 1s −1 (Vlemmings et al. 2010) . The errors were determined by analyzing the full probability distribution function. (c) The angle between the magnetic field and the maser propagation direction is determined by using the observed P l and the fitted emerging brightness temperature. The errors were determined by analyzing the full probability distribution function.
(d) Because of the low angular resolution the code is able to give an upper limit for ∆V i and a lower limit for T b ∆Ω.
6.7 GHz EVN data
NGC7538-IRS1 was also observed at 6.7 GHz (CH 3 OH) in full polarization spectral mode with nine of the EVN 4 antennas (Jodrell2, Cambridge, Efelsberg, Onsala, Medicina, Torun, Noto, Westerbork, and the new joint antenna Yebes-40 m), for a total observation time of 5 h on November 3, 2009 (program code ES063B). The bandwidth was 2 MHz, providing a velocity range of ∼ 100 km s −1 . The data were correlated using 1024 channels to generate all four polarization combinations (RR, LL, RL, LR) with a spectral resolution of 1.9 kHz (∼0.1 km s −1 ). The data were edited and calibrated using AIPS. The bandpass, the delay, the phase, and the polarization calibration were performed on the calibrator 3C286. Fringe-fitting and selfcalibration were performed on the brightest maser feature (E26 in Table 3 ). Then we imaged the I, Q, U, RR, and LL cubes (2 arcsec × 2 arcsec, rms ≈ 8 mJy beam −1 ) using the AIPS task IMAGR (beam-size 6.3 mas × 4.9 mas). The Q and U cubes were combined to produce cubes of polarized intensity and polarization angle.
In this case, because the dynamic range of our EVN observations was better than that of MERLIN observations, we were able to identify CH 3 OH maser features with a peak flux density of less than 1 Jy beam −1 with the "maser finder" program. The maser emission was fitted by using the adapted code for CH 3 OH masers, but with a grid of ∆V i ranging from 0.5 to 1.95 km s −1 . We were able to determine the Zeeman-splitting from the cross-correlation between the RR and LL spectra, which was successfully used by Surcis et al. (2009) for the polarized CH 3 OH maser emission detected in W75N. The dynamic range of the RR and LL cubes decreases close to the strongest maser emission of each group because of the residual calibration errors. As a result, we were not able to determine the Zeemansplitting (∆V Z ) for the features with a peak flux density of less than 1.8 Jy beam −1 .
Results
In Fig. 1 (Galvàn-Madrid et al. 2010) and 10 mas, respectively.
H 2 O masers
We detected 17 22-GHz H 2 O maser features with the VLBA associated to NGC7538-IRS1 (named W01-W17 in Table 1) . No H 2 O maser emission with a peak flux density (I) less than 0.13 Jy beam −1 is detected even though our channel rms is significantly less.
The H 2 O maser features can be divided into two groups, N and S, that are composed of 11 and 6 H 2 O maser features, respectively. Group N is located at the center of the continuum emission and it shows a linear distribution with a position angle of -52
• (see Fig. 2 ). .506 as determined from the MERLIN observations. The linear polarization vectors, scaled logarithmically according to the polarization fraction P 1 (Tables 2 and 3) , are overplotted. belong to group S (W06 and W07). Their linear polarization fraction (column 7 of Table 1 ) is P l ≈ 1% and the weighted linear polarization angles is χ S H 2 O ≈ −11
• . The full radiative transfer method code for H 2 O masers was able to fit the feature W07 and the results are given in column 10 and 11 of Table 1 and in Fig. 3 . The emerging brightness temperature and the intrinsic thermal linewidth are 10 9 K sr and 3.4 km s −1 , respectively. By considering T b ∆Ω and the observed P l we determined θ B H 2 O = 81
• , indicating that the maser is operating in a regime where the magnetic field is close to perpendicular to the propagation of the maser radiation. No significant circular polarization emission is detected.
CH 3 OH masers
We detected 13 6.7-GHz CH 3 OH maser features with the MERLIN telescope (named M01-M13 in Table 2 ) that appear to be composed of 49 features when observed with the EVN resolution (named E01-E49 in Table 3 ). Including the more sensitive EVN observations, we detect no CH 3 OH maser emission below 0.1 Jy beam −1 . Note that as defined in Sect. 2, we indicate with the term maser feature the brightest maser spot among a series of maser spots that either show a spatial coincidence and consecutive velocities or show a clear velocity gradient along a continuum linear structure.
In the left panel of Fig. 4 we show the contours of the CH 3 OH maser structures detected with MERLIN and in the right panel the distribution of the CH 3 OH maser features detected with the EVN. The CH 3 OH maser features distribution at high angular resolution match the CH 3 OH maser emission detected with MERLIN four years before perfectly. Following the naming convention adopted by Minier et al. (2000) , they can be divided into five groups (from A to E). Note that each group is composed of several maser features, each of which indicates a series of maser spots. Group A, which is composed of five maser features (3 at MERLIN resolution) and hosts the brightest maser feature of the region (M06 and E26, respectively), shows a linear distribution. If we consider all maser spots of the maser feature M06 (top-left panel of Fig. 5 ), we are able to measure a velocity gradient of about 0.02 km s −1 AU −1 from northwest to southeast, which is confirmed by considering the matching maser spots of E26 (EVN, top-right panel of Fig. 5 ).
Group B is resolved into 12 CH 3 OH maser features (four at MERLIN resolution). The spots of the features E33 and E40 Tables 2 and 3) , though the observations at higher angular resolution revealed E43 to be the feature with the highest linear polarization fraction (6.2%). Because the EVN provides an angular resolution eight times better than MERLIN and because we also have a higher dynamic range, we will, for the interpretation of the magnetic field, only use the linear polarization vectors of the maser features detected with the EVN. The groups A, C, and E have weighted linear polarization vectors almost oriented east-west, with angles −86
• ±31
• , −88 • ±6
• , and +89
• ±44
• , respectively. The weighted linear polarization angles for the other two groups are χ B CH 3 OH = −60
• ±36
• and
• . The full radiative transfer method code for CH 3 OH masers was able to fit 7 (MERLIN) and 20 (EVN) CH 3 OH maser fea- 
Notes.
(a) The best-fitting results obtained by using a model based on the radiative transfer theory of CH 3 OH masers for Γ + Γ ν = 1s −1 (Vlemmings et al. 2010) . The errors were determined by analyzing the full probability distribution function. For Γ + Γ ν = 0.6s −1 (Minier et al. 2002) T b ∆Ω has to be adjusted by adding −0.22.
(b) The Zeeman-splittings are determined from the cross-correlation between the RR and LL spectra.
(c) The angle between the magnetic field and the maser propagation direction is determined by using the observed P l and the fitted emerging brightness temperature. The errors were determined by analyzing the full probability distribution function.
(d) Because of the degree of the saturation of these H 2 O masers, T b ∆Ω is underestimated, ∆V i and θ are overestimated. Table 4 . Weighted values of the linear polarization angles, the intrinsic thermal linewidths, the emerging brightness temperatures, and the angles between the line of sight and the magnetic field of the CH 3 OH masers for feature in common. Notes. (a) Only the highest value has been taken into account. (b) Only the lowest value has been taken into account.
ing brightness temperature are ∆V i CH 3 OH = 0.9 km s −1 and T b ∆Ω CH 3 OH ≈ 10 9 K sr. As an example, the χ 2 -contours for feature E33 are reported In Fig. 6 .
The fit for the CH 3 OH maser features detected with MERLIN gives values both for ∆V i and for T b ∆Ω consistent or higher than those detected with the EVN (see Table 4 ). However, owing to the lower angular resolution of MERLIN and the occur-rence of strong velocity gradients, the fits are strongly affected by line blending. As for the H 2 O maser features, we are able to determine the θ values (column 12 and 13 of Tables 2 and  3, 
Discussion
4.1. Comparing CH 3 OH spectra at different resolution Vlemmings (2008) observed the CH 3 OH masers with the 100-m Effelsberg telescope in November 2007, i.e. two years later than our MERLIN observations and two years before our EVN observations. A comparison between the single-dish and MERLIN fluxes reveals only a difference of 10% across the whole spectra. This slight difference can be explained by the different resolution of the two instruments and flux calibration uncertainties in the Effelsberg observations (∼ 10%, Vlemmings 2008) . This means that no significant changes occurred between the two epochs and there is no indication of a core/halo structure of the maser features (hereafter simply called masers) at scales of ∼100 AU such as described for a sample of CH 3 OH maser sources by Pandian et al. (2011) .
In Fig. 7 we show the total flux spectra of the Table 3. CH 3 OH masers detected with MERLIN and the EVN in 2005 and 2009, respectively. Generally, the EVN resolved out between 60% and 90% of the flux when 6.7-GHz CH 3 OH masers were observed with both these instruments (e.g., Minier et al. 2002; Bartkiewicz et al. 2009; Torstensson et al. 2011 ). This indicates the presence of emission structures on scales that are resolved by the EVN, i.e. a halo structure that surrounds the core of the masers. Moreover, if the maser spots do not have a compact core, they would not be detected in the EVN observations (Pandian et al. 2011) . Although in our observations the EVN resolves out about 50% of the flux of group C (V lsr > −61 km s −1 ), the majority of the flux appears to be recovered across the entire CH 3 OH maser spectrum. This suggests that the halo structure is absent, except in some masers of group C and likely in E26 of group A, and that the masers only contain a compact core. Moreover, the non-detection of the maser M07 with the EVN might indicate the absence of the compact core in this maser. Minier et al. (2002) observed the 6.7-GHz CH 3 OH masers with five antennas of the EVN. The authors determined the size of the halo (d 1 ) and of the core (d 2 ) of the brightest masers of groups A and C by Gaussian fitting of the visibility amplitudes. For the brightest maser of group A the authors determined d 1 = 5 mas (∼13 AU at 2.65 kpc) and d 2 = 3 mas (∼8 AU), and d 1 = 17 mas (∼45 AU), and d 2 = 5 mas (∼13 AU) were measured for the brightest maser of group C. The Gaussian fit of E26 and E07 gives a size of 5 mas and 6 mas respectively, indicating that the EVN resolves out the halo structure observed by Minier et al. (2002) and that we observe only the core of these two masers.
We suggest that the absence of a halo structure in most of the CH 3 OH masers could be caused by the amplification of the strong continuum emission shown in Fig. 1 . This would argue that almost all CH 3 OH masers are on the front-side of this source. Similar arguments were used in the interpretation of the structure of Cepheus A (Torstensson et al. 2011 ).
H 2 O and CH 3 OH maser properties
Before discussing the polarization analysis of the masers in NGC7538-IRS1, we need to consider the degree of the maser saturation. As explained in detail by Vlemmings et al. (2010) and Surcis et al. (2011) , when the full radiative transfer method code is applied to a saturated maser, the code gives a lower limit for T b ∆Ω and an upper limit for ∆V i . The masers are unsaturated when R/(Γ + Γ ν ) < 1 and fully saturated when R/(Γ + Γ ν ) ∼ 100, where R is the stimulated emission rate given by
Here A is the Einstein coefficient for the maser transition, which for H 2 O masers is taken to be equal to 2 × 10 9 s −1 (Goldreich & Keeley 1972) and for the CH 3 OH masers is 0.1532 × 10 8 s −1 (Vlemmings et al. 2010) , k B and h are the Boltzmann and Planck constants, respectively, and ν the maser frequency. From R/(Γ + Γ ν ) < 1 we can estimate an upper limit for the emerging brightness temperature below which the masers can be considered unsaturated. The limits are (T b ∆Ω) H 2 O < 6.7 × 10 9 K sr and (T b ∆Ω) CH 3 OH < 2.6 × 10 9 K sr for H 2 O and CH 3 OH masers, respectively. Consequently, only four CH 3 OH masers are partly saturated; i.e., E03, E26, E41 and E43 (Table 3 ). Because the model emerging brightness temperature scales linearly with Γ + Γ ν , the ratio R/(Γ + Γ ν ) is independent of the value of Γ + Γ ν . The ∆v L of the saturated CH 3 OH masers are close to ∆V i implying that the maser lines are rebroadened as expected when the maser becomes saturated. Furthermore, these four CH 3 OH masers do also show a high linear polarization fraction, which again confirms their saturated state (Goldreich et al. 1973 ). The intrinsic linewidth of the H 2 O maser W07 is higher than the typical values measured in previous works, i.e. ∆V i = 2.5 km s −1 (Surcis et al. 2011) . This difference might indicate the presence of a strong turbulent gas with a turbulence velocity of ∆V turb = 2.3 km s −1 or multiple components overlapping. By comparing the brightness temperature T b with T b ∆Ω obtained from the model, we can estimate the maser beaming angle (∆Ω) for both maser species. We can estimate the brightness temperature (T b ) by considering the equation
where S (ν) is the flux density, Σ the maser angular size and ξ is a constant factor that includes all constant values, such as the Boltzmann constant, the wavelength, and the proportionality factor obtained for a Gaussian shape by Burns et al. (1979) . The values of ξ for H 2 O and CH 3 OH masers are
ξ 6.7 GHz = 13.63 · 10 9 mas 2 Jy −1 K,
as reported by Surcis et al. (2011) and Surcis et al. (2009) , respectively. The H 2 O maser W07 is unresolved and ∆Ω H 2 O = 10 −2 . The Gaussian fit of CH 3 OH masers detected with the EVN gives a size between 5 and 7 mas, which indicates that all CH 3 OH masers are marginally resolved.
In a tubular geometry ∆Ω ≈ (d/l) 2 , where d and l are the transverse size and length of the tube, respectively. By assuming d approximately the size of the masers, the maser lengths are in the range 10 13 cm < l H 2 O < 10 14 cm and 10 14 cm < l CH 3 OH < 10 15 cm for W07 and the CH 3 OH masers, respectively.
Magnetic field in NGC7538-IRS 1
4.3.1. CH 3 OH Zeeman-splitting and magnetic field
We measured 6.7-GHz CH 3 OH maser Zeeman-splitting ranging from -2.7 m s −1 to +2.7 m s −1 . This is 2-3 times larger than was measured with the Effelsberg telescope (Vlemmings 2008) as expected when resolving individual masers. From the Zeeman theory we know that the Zeeman-splitting is related to the magnetic field strength along the line of sight (B || ) by the equation
where ∆V Z is the Zeeman-splitting in km s −1 and α Z is the Zeeman-splitting coefficient in km s −1 G −1 , which strongly depends on the Landé g-factor of the molecular transition. Recently, Vlemmings et al. (2011) found an unfortunate calculation error in the α Z used so far (α Z = 0.049 km s −1 G −1 ; e.g., Surcis et al. 2009 , Vlemmings et al. 2010 , the current best value is found to be one order of magnitude lower (α Z = 0.005 km s −1 G −1 ). However, Vlemmings et al. (2011) show that the splitting between the RCP-and LCP-signal still likely originates from the Zeeman theory and not from other non-Zeeman effects. Until careful laboratory measurements of the g-factor appropriate for the 6.7-GHz CH 3 OH masers are made, we cannot give any exact value for the magnetic field strength. Because there is a linear proportionality between ∆V Z and B || , we can say that the negative value of the Zeeman-splitting indicates a magnetic field oriented toward the observer and positive away from the observer. However, we can speculatively give a possible range of values for |B || | by considering 0.005 km s −1 G −1 < α Z < 0.049 km s −1 G −1 , thus 50 mG |B || | 500 mG.
Magnetic field orientation
Before discussing the orientation of the magnetic field, we have to evaluate the foreground Faraday rotation (i.e., the rotation caused by the medium between the source and the observer), which is given by
, (6) where D is the length of the path over which the Faraday rotation occurs, n e and B || are respectively the average electron density and the magnetic field along this path and ν is the frequency. By assuming the interstellar electron density, the magnetic field, and the distance are n e ≈ 0.012 cm −3 , B || ≈ 2 µG (Sun et al. 2008) , and D = 2.65 kpc, respectively, Φ f is estimated to be 0
• .5 at 22-GHz and 6
• .0 at 6.7-GHz. At both frequencies the foreground Faraday rotation is within the errors reported in Tables 1 and 3 thus it should not affect our conclusions.
Because all θ values are higher than the Van Vleck angle θ crit ∼ 55
• (Goldreich et al. 1973) , the magnetic fields are inferred to be perpendicular to the linear polarization vectors. The magnetic field orientation derived from the H 2 O masers is ϕ H 2 O = +79
• , while the five groups of CH 3 OH masers show orientation angles ϕ
• , and ϕ
• . However, considering the relatively large errors in column 13 of Table 3 , we cannot rule out that the actual θ values are below 55
• , in which case the magnetic field is parallel to the linear polarization vectors.
Because Hutawarakorn & Cohen (2003) measured the linear polarized emission of the 1.6 and 1.7-GHz OH masers, we can now compare the orientation of the magnetic field derived from the two maser species (Fig. 1) . We have to consider that the Faraday rotation at the OH maser frequencies is, at the same conditions, larger than at 6.7-GHz. The linear polarization angles of group D show a 90
• difference w.r.t those of the nearby 1.6-GHz OH masers. This might be caused either by a 90
• -flip phenomenon or by the Faraday rotation if the masers are deeply located in a strong ionized gas. Most of the OH masers are likely to be Zeeman σ-components, therefore the magnetic field is perpendicular to the linear polarization vectors. Considering the large errors of θ E48 , the orientation of the magnetic fields of group B and E are consistent with those derived from the nearby 1.6-GHz OH masers (Hutawarakorn & Cohen 2003) . In particular, the linear polarization vector of E43, which shows the highest linear polarization fraction, is perfectly aligned with feature 2 of the 1665 MHz OH maser (Hutawarakorn & Cohen 2003) . Unless the Faraday rotation is 180
• , the consistence of the magnetic field orientation indicates that the Faraday rotation at OH maser frequency is low.
The role of the magnetic field
The importance of the magnetic field in the region can be estimated by evaluating the ratio between thermal and magnetic energies (β). If β < 1, the magnetic field dominates the energies in the high-density protostellar environment. The β factor is given by
where m a is the Alfvénic Mach number and m s is the sonic Mach number, which in formula are
Here V A is the Alfvén velocity and c s is the sound velocity, and σ, the turbulence velocity, can be estimated using σ = ∆V turb / √ 8 ln2. By considering a mass µ H 2 = 3.8 × 10 −24 g and the relation between the velocity and the temperature of a gas, we can write V A and c s in terms of |B|, n H 2 , and the kinetic temperature of the gas T k
So we get
which, considering Eq. 5 and |B| = |B || |/cos θ , can thus be written as
. (12) By assuming n H 2 = 10 9 cm −3 , T ∼ 200 K, which are the typical values in the CH 3 OH masing region, the weighted values for the unsaturated masers of the θ angle θ =78
• , and Zeemansplittings |∆V Z | = 2.7 m s −1 , we obtain
Although the value of α Z is still uncertain, we can expect that this must be neither higher than the old value (α Z = 0.049 km s Vlemmings 2008 ) nor lower than the new value (α Z = 0.005 km s Vlemmings et al. 2011) . Therefore, it is reasonable that β is between 4 · 10 −4 and 4 · 10 −2 . Consequently the magnetic field is dynamically important in this massive star-forming region.
Structure of NGC7538-IRS 1
Recently, large-scale elliptical configurations have been detected in significant CH 3 OH masers around high-mass protostars. These masers are thought to trace molecular rings (e.g., Bartkiewicz et al. 2009 ). However, most of these rings do not show signs of rotation, but instead the radial motions dominate, indicating that the masers are instead tracing infalling gas in the interface between the torus and the flow, e.g. Cepheus A HW2 (Torstensson et al. 2011; Vlemmings et al. 2010) . In this light it is legitimate to reconsider whether the masers in NGC7538-IRS 1 could trace similar gas.
In this work we have observed velocity gradients in three CH 3 OH masers, i.e., E26, E33, and E40. Whereas the velocity gradient of E26 has already been observed by other authors (e.g., Minier et al. 1998; Pestalozzi et al. 2004) , those of masers E33 and E40 have not been reported so far (Fig. 5) . All velocity gradients of E26, E33, and E40 are equal to 0.02 km s −1 AU −1 . Considering the orientation of the linear distribution of the maser spots of E26, E33, and E40, we find that all of them seem to point toward a common center. This suggests that E26, E33, and E40 are likely tracing a gas with a radial motion, probably consistent with the interface of the torus and infalling gas. Consequently the maser spots of E26 are likely not tracing a Keplerian disk as proposed by Pestalozzi et al. (2004) . The CH 3 OH masers of groups A, B, C, and D show a cone-shape distribution that opens to the north-west. This seems to indicate that we are looking at a regular structure, for instance the inner part of a torus. Klaassen et al. (2009) detected an almost face-on 5300 AU-torus perpendicular to the outflow with a clockwise rotation motion. If this torus is on the same plane of the disk supposed by De Buizer & Minier (2005) , then its inclination angle must be i=32
• . By keeping in mind these new results, we can suppose that the CH 3 OH masers of groups A, B, and C are tracing the surface of the inner torus, possibly where the infall reaches the rotating structure. The masers of groups D and E trace the gas slightly farther out on the torus. In particular, group A is located to the opposite side of the torus w.r.t. the other three maser groups. In Fig. 8 a three-dimensional sketch of the region as described above is shown. The outflow sketched here is a simplified representation of the chaotic and complex multi-outflows structure observed toward NGC7538 and in particular around IRS-1 (e.g., Qiu et al. 2011; Klaassen et al. 2011 ).
In this scenario the H 2 O masers of group N are located parallel to the edges of the outflow, which show a blue-shifted part northwestern and a red-shifted part southeastern (e.g., Kameya et al. 1989; Hutawarakorn & Cohen 2003) . In this case the H 2 O masers can be pumped by a shock caused by the interaction of the outflow with the infalling gas. The most southern H 2 O masers, W06 and W07, might be associated either with the red-shifted part of the outflow or most likely with another source, as also suggested by the different orientation of the magnetic field in that region. Moreover, the OH masers located southward (Hutawarakorn & Cohen 2003) might be pumped by the redshifted part of the high-velocity outflow and those located westward by the blue-shifted part.
This scenario is further supported by the similarity between the torus and outflow velocities and that of the three maser species. In Fig. 9 we plot the CH 3 OH maser velocities as a function of the position angle (PA) along the torus. To determine the PA of each individual CH 3 OH maser, we consider that every maser lies on an own circle that has the same orientation and inclination angle of the torus with the center located at the origin of the sketched outflow in Fig 8. Moreover, we plot in Fig. 9 an empirical function (solid line) based on the orientation and on the velocity field of the torus observed by Klaassen et al. (2009) , i.e. the PA and velocity of all the points of a circle that has the same size, orientation, and inclination of the torus. The maser velocities perfectly match the non-Keplerian velocity profile of the torus that is rotating clockwise (Klaassen et al. 2009 ). This indicates that the CH 3 OH masers are likely related to the torus structure. Groups A and E appear to be systematically blue-and red-shifted w.r.t the torus velocities respectively, supporting the suggestion of infall motion (on the order of 1 km s −1 ) along the line of sight.
The velocities of the blue-and red-shifted part of the outflow are V (Kameya et al. 1989) , the donut is the torus suggested by Klaassen et al. (2009) perpendicular to the outflow and with i=32
• (De Buizer & Minier 2005) , the triangles, the circles, and the boxes are the methanol, H 2 O masers (present paper), and the OH masers (Hutawarakorn and Cohen 2003) , respectively. The outflow and the torus are transparent to allow the reader to see behind them.
1.6 and 1.7-GHz OH masers show velocity ranges −61 km s −1 < V OH < −51 km s −1 that agree well with V torus and V CH 3 OH , which might indicate an association with the torus rather than with the CO-outflow. The presence of OH and CH 3 OH masers in the same environments, also suggested by the linear polarization vectors of the two maser species (see Sect. 4.3.2) , is in contrast with the excitation model of Cragg et al. (2002) , which predicts the inhibition of the 6.7-GHz CH 3 OH masers when 1.6-GHz OH masers arise.
The orientation of the magnetic field derived by the linear polarized emission of the CH 3 OH masers at high angular resolution matches the scenario we presented above. Most likely the magnetic field is perpendicular to the linear polarization vectors for most of the CH 3 OH maser features, but for group E the magnetic field is instead parallel to the linear polarization vectors (see Sect. 4.3.1) . This is also suggested by considering the linear polarization vectors of the OH masers (see Sect. 4.3.2) . In this case the magnetic field is situated on the two surfaces of the torus, with a counterclockwise direction on the top surface. This interpretation is consistent with the signs of the magnetic field strengths determined from the Zeeman-splitting measurements of the CH 3 OH masers and OH masers, which show negative strength (B = −2.0 mG, Hutawarakorn & Cohen 2003) toward the region were groups B and E arises and positive toward groups A and D.
Even if the CH 3 OH masers are not tracing the Keplerian-disk reported by Pestalozzi et al. (2004) , the presence of a smaller disk is not ruled out. In the scenario proposed here, it would be located within the torus. Accordingly, we argue that a possible answer to the question about the morphology of NGC7538-IRS 1 is that the CH 3 OH masers are tracing a gas close to the torus that is falling toward the connection region between the torus and the disk as was observed in other protostars (e.g., Vlemmings et al. 2010 ).
The new scenario described in this paper is determined by considering the entire CH 3 OH maser region and not just the masers of group A. Consequently, this scenario is different both from "Scenario A" and from "Scenario B" suggested by Kraus et al. (2006) , who considered the results obtained by De Buizer & Minier (2005) and by Pestalozzi et al. (2004) for the CH 3 OH masers of group A, respectively. In "Scenario A" the CH 3 OH masers of group A might resemble either clumps in the cavity of the outflow or recent ejecta from the outflow, while in "Scenario B" group A trace a disk and the authors proposed a jet precession model to explain the asymmetry of the NIR emission. However, in our scenario the asymmetry of the NIR emission might reflect the innermost walls of an outflow cavity as explained in "Scenario A", but with the masers that are tracing an infalling gas rather than the outflow cavity or a recent ejecta from the outflow.
Two questions remain: what is the radio continuum emission shown in Fig. 1 ? How can this scenario be consistent with the changing of the position angle of the outflow reported in Campbell (1984 )? De Buizer & Minier (2005 argue that the radio continuum emission is consistent with radio emission arising from a photoevaporated disk wind and Kameya et al. (1989) suggested that the rotation of the outflow stems from a disk precession.
Conclusions
The massive star-forming region NGC7538-IRS 1 has been observed at 22-GHz in full polarization spectral mode with the VLBA and at 6.7-GHz with the EVN and MERLIN to detect linear and circular polarization emission from H 2 O and CH 3 OH masers, respectively. We detected 17 H 2 O masers and 49 CH 3 OH masers at high angular resolution. We have measured Zeeman-splitting for three CH 3 OH masers ranging from -2.7 m s −1 to +2.7 m s −1 . No significant magnetic field strength has been measured from the H 2 O masers. Furthermore, we have also shown that the masers of NGC7538-IRS 1 are all consistent with a torus-outflow scenario. Here the CH 3 OH masers are tracing the interface between the infall and the large-scale torus, and the H 2 O masers are related to the blue-shifted part of the outflow. The H 2 O masers of the southern group are thought to be associated with another source. The magnetic field is situated on the two surfaces of the torus with a counterclockwise direction on the top surface.
